Introduction
Agricultural plants relate to our lives closely, the automatic recognition of plant disease is in an important field of research all the time, the necessary step of plant disease spot recognition is to segment plant disease spot, quality of disease spot segmentation has a serious impact on recognition effect, before this study, the method of image segmentation based on threshold is widely, for the site of lesion of plant, which are different from original plant color and texture. It also can segment plant disease spot through the grayscale image of image. However, it needs an appropriate threshold value in this way, for the disease spots of color that is not strong or smaller in contrast to the surrounding area have poor segmentation effect. Tobiaos and others took advantage of Sobel edge detection operator to segment plant disease spot effectively when they segmented barley disease spot [1] . However, Sobel operator can't get continuous pixel edges, it's need to deal with edge information manually most of the time, so it reduced actual availability of algorithm greatly. Besides, other scholars also used statistical methods to segment image, for example, when Lai Jun Chen and others researched the segmentation of corn disease spot based on Guass model who segmented the spot image containing noise well [2] , but the computation of the segment way is so heavy, which is very bad for high pixel image segmentation.
On basis of the above algorithm problems, this paper will adopt the CV model [3] to segment plant lesion area. CV model is a method of segmentation which was put forward by Chan and Vese in 2001, when we get the minimum of energy functional through the calculation of energy functional by multiple iterations of the curve and complete the segmentation of image. But we can't segment image with uneven gray level through the method of modification. Thus, Li and others took the Gauss kernel function into the energy functional, proposed the Local Binary Fitting mode [4] ,and solve the problem of CV model can't segment the image with uneven gray level.
CV Model
CV model has been proposed by Chan and Vese as early as 2001, it can distinguish inside from outside through a closed image evolution curve, through multiple iterative calculation to make the fitting energy functional of model to get the minimum, at this time, we can get the complete division area
The energy functional of CV model defined as Equation (1).
Among them, C is image evolution curve, 1 and 2 are pixel fitting values inside and outside the area around the closed curve respectively, the computing method of 1 and 2 is shown in Equation (2) and (3).
It can be seen that, the last two terms of the energy functional is the definition of degree of segmentation of the inner and outer regions of the image evolution curve. Thus, there are several kinds of the following cases when we calculate energy function [5] . Figure 1 The evolution curve is located within the target area. Assuming that external average gray value of target area is lower than inside, then when the evolution curve is shown in Figure 1 , the value of external fidelity item ( , ) − 1 is greater than 0 within the target area, and less than 0 in the background. Similarly, when the evolution curve is as shown in figure 2 , the value of Internal fidelity item ( , ) − 2 is greater than 0 within the target area, and less than 0 in the background. So when the evolution curve didn't fully fit to the target area, the value of external fidelity item and internal fidelity item both isn't 0. So just when the evolution curve coincides with the target area whose energy functional can get the minimum.
It is frequent to use horizontal set function band instead of evolution curve C in actual operation, so Equation (1) can be rewritten as Equation (4).
Among them, is whole image area, is the level set of the image, ( ( , )) and ( ( , )) are Heaviside and Dirac function respectively, ( ( , )) and ( ( , )) function are defined as Equation (5) and (6) .
is regularization constant.
Improved CV Model
The premise of using CV model is foreground and background's grayscale evenly distributed, however, it's difficult to put in practice, especially when the background and shadow existed in advance, it's easily lead the image segmentation to error. Therefore, the algorithm has low practical adaptability.
Otsu Algorithm
It is need to manually setting the accident outline when the CV model is splitting up, and it can reduce the human intervention. The Otsu algorithm proposed by the Japanese is a binary segmentation method which based on the probability distributions, and it's also called maximum inter-class variance method. According to calculating the inter-class variance of segmentation result can determine the segmentation scope. It could get an approximately range of lesion distribution by this method, and don't need to set the CV model's initial segmentation outline.
The foreground and background's calculation of inter-class variance is shown in Equation (7). The P i is the probability of grayscale value i which exist in some point. According to calculating the inter-class variance 2 ( ) can get the maximum inter-class variance when maximum separation of target area from background. By this way, we can get the CV model's initial segmentation outline to reduce the workload of manual segmentation.
Improvement of CV Model
To make CV model can well adapt to the segmentation of uneven gray image, this paper adopts the way that introduce local variance to pixel fitting value, because the pixel gray level of image changes little, the local variance value is small [6] . However, at the boundary area, because of the fast change of pixel value, a bigger variance value is gotten, so this paper will introduce variance term to portray boundary information well.
M(x, y) = mean(I(x, y)) (8)
Equation (8) is the mean value of the gray level in the region. Equation (9) is the mean value of the variance value in the region, Equation (2) and Equation (3) are improved by using the variance values in the local area, shown in Equation (10) and (11).
To measure the change of gray level by introducing the local variance value, to increase its fitting value in the boundary region where the variance is rapidly changing, to restrain the size of its fitting value in the boundary region where the variance is slowly changing. Figure 5 The calculation process of the algorithm in this paper.
Algorithm Calculation Process.

Experiment and Analysis
Experimental Environment.
Operating system: Windows 10 Ultimate CPU: Intel core i7-4710MQ Memory: 8G Code running environment: matlab R2016a
Experimental Results.
The image of plant diseases used in this paper is from the photo classification dataset of crowdAI [7] plant disease classification competition. This paper will use three kinds of plant to do contrast experiments, the disease spot distribute unevenly, disease spot are not of uniform size, the gray scale distribute unevenly and contain a lot of noise, it is more suitable as an experimental object.
In order to fully compare the effect of the experiment, this paper will use three kinds of different disease spot of different plant leaf, this paper will compare the results of the improved CV algorithm with the original CV algorithm. The experimental results are shown in Figure 6 and Figure 7 . 
Result Analysis
According to the experimental results compared with Figure 6 and Figure 7 , the spot segmentation results were gotten by the experimental method of this paper that were more close to the edge of a plant spot and got better segmentation effect. we can see the effect from the (a) and (b) examples of Figure 6 and 7, but there are also some shortcomings in this algorithm, for example, the algorithm does not segment two distinct lesion spots in Figure 6 and 7 (c) examples in this paper. It can be seen that the speed of the algorithm is obviously higher than that of the original CV model through the time consuming and number of iterations of form 1 and get better results based on the number of iterations is less than the original CV model, this is because this paper use Otsu algorithm initially, making the beginning of the partition is within a very small range, meanwhile, this paper introduce local variance to optimize pixel fitting value, it also can get better segmentation effect on unevenly distributed images.
Concluding Remarks
Plant disease segmentation is key technology of automatic identification of plant diseases, this paper optimized traditional CV model and introduce Otsu algorithm based on the CV model, making the algorithm can determine Initial evolution curve automatically and don't need to determine initial division region manually any longer, at the same time, the ocal variance introduced make the segmentation effect more suitable for the edge of plant lesions. Meanwhile, compared with the original CV model, there are some shortcomings in this method. For example, this paper algorithm is not effective for some smaller blot segmentation, missing the part of the disease information, but the original CV algorithm can segment. By comparing the running time and the number of iterations, we can see that this paper method run faster, more close to the edge of the spot and it provides a good reference for subsequent related research.
